Abstract. This paper presents development work on a new approach for predicting the human response to an emergency situation. The study builds upon an initial investigation in which 20 participants were asked to predict what actions they would take in the event of a domestic fire [1]. The development work involved a retest with an additional 20 participants to investigate the reliability of the approach. Furthermore, the analysis procedure was improved such that the results represented more accurately those which could be obtained from practical application of the approach. As found in the initial investigation, the frequencies and sequences of the reported acts had significant relationships with a study of behavior in real fires [2] (Spearman's rho: 0.323, N=55, p<0.05) and (Spearman's rho: 0.340, N=37, p<0.05), respectively. Further development work is required, but the results indicate that the approach may have use for predicting human behavior in emergencies.
Introduction
Predictions of human behavior can be used by Human Factors (HF) professionals to analyze interaction with a system at an early stage in the development process. Predictions typically involve abstracting complex human behavior into models which are analyzed against the tasks the user will have to perform to achieve their desired goal on the planned system. This process can identify mismatches between human capabilities and system requirements, or quantify the predicted human performance. It can reduce the cost associated with identifying HF issues at a later stage in the development process, when physical prototypes become available for user trials, as design decisions become fixed and investment will have been made into specific lines of engineering [3] .
Publications in the HF literature regarding predictions of human performance are typically concerned with nominal operating conditions, e.g. [4] . However, methods are also required for predicting behavior in emergency situations. These would have several applications: understanding the human response to an industrial incident during factory layout planning [5] ; developing training plans for emergency response teams [6] ; and improving the design of evacuation routes and guidance in buildings, aircraft and boats [7] [8] [9] .
Predicting behavior in emergencies is required for reasons other than reducing development costs. Ethical considerations prevent putting participants in distress, and therefore the relevant behaviors cannot be studied in a laboratory, even if a physical prototype or the real system is available [10] . Basing predictions on previous events is not always possible, as gaining access to incident reports can be difficult. Furthermore, emergency events are unique to the particular circumstances; the validity may be questioned of a behavioral prediction derived from a different scenario [11] .
This paper presents development work on a new approach for predicting human behavior in emergency situations. The approach is based on a talk-through method in which participants are asked to describe their actions in response to a scenario [12] . This low-cost approach means that a dangerous situation can be described without putting participants in any physical risk. The approach also draws upon sequential analysis [13] , an established technique for studying dynamic aspects of behavior. Sequential analysis requires the assessor to record behaviors according to a taxonomy. Sequences of behavior can then be analyzed, for example by recording the number of times behavior X follows behavior Y.
These methods were chosen in the initial development of this predictive approach [1] to enable comparability with sequential analysis data from a study of real behavior in domestic fires [2] . The comparison study [2] involved interviews with 41 people who had been involved with domestic fires, who were asked to describe exactly what they did from the time they noticed something abnormal was happening, until they reached a safe area. The descriptions were transcribed and coded using a taxonomy of behaviors. The frequency of acts, and act sequences, were analyzed and published.
The initial predictive study [1] demonstrated comparability of the frequency and sequence of a selection of reported actions with the study of behavior from people involved with real fires [2] . However, reliability is an important criterion for the success of a method or technique, which essentially requires that the same results are achieved upon repeated use of the method [14] . This investigation aimed to investigate reliability of the predictive approach through a test-retest approach, in which the methodology was replicated with different participants. It was also decided to investigate in further detail the validity of the predictive approach by removing from the analysis only two acts. These were related to technology which has become more prevalent since 1980. This differs to the analysis used in Lawson et al. [1] , in which any categories not expected due to the example scenario or experimental protocol were removed. This change simplifies the administration of the approach as a predictive tool, as users are likely to find it difficult to identify which tasks to remove from the analysis unless justification is obvious, as it is with the two acts relating to a change in technology over several decades.
